There is presently a need to develop alternatives to the widely used Wild Abortive male sterility system to facilitate the use of hybrid rice technology in India. In this project, putative alloplasmic lines have been produced by a robust protoplast fusion procedure employing the fragrant Indian rice cultivar Pusa Basmati 1 with O. granulata. This material will be sent to the Directorate of Rice Research, Hyderabad, India and the Central Rice Research Institute, Cuttack for evaluation and the development of new genotypes of hybrid rice with novel cytoplasms. This
policy to greatly increase the area of hybrid rice in India. This will help to increase rice production, an increase necessitated by increasing demand caused by population growth.
Project Purpose
The purpose of this project is to increase the production and stability of production of hybrid rice in India. The project will develop a range of plants containing diverse cytoplasms derived from wild relatives of cultivated rice suitable for use in hybrid rice breeding programmes in India. A population of 55 plants has been produced and is in the process of being sent to collaborators in India in order to broaden the cytoplasmic (and genetic) background of hybrid rice.
This project is targeted towards the needs of rice farmers in high potential production systems in India. In the Eastern lowland region, it is difficult for breeders to produce male-sterile lines for distribution to farmers because all of the rice varieties adapted to this area restore fertility when crossed with conventional Wild Abortive hybrid rice.
For the rest of India, there is an urgent requirement to diversify the currently narrow genetic background of hybrid rice, which renders the crop vulnerable to disease and pest outbreaks and adverse environmental conditions. The experience of the devastation of the hybrid maize crop carrying the T-cytoplasm demonstrates the need for cytoplasmic diversification in hybrid breeding programmes. in the process of being transferred to CRRI and DRR.
Research Activities and Outputs

Contribution of Outputs
During the first 6 months of phase 3, transfer of these plants to India will be completed and the plants will be acclimatised and grown in glasshouse conditions at the 2 institutions. During the year 2000 growing season, the plants will be transferred to field conditions and data will be collected on pollen fertility and spikelet emergence in order to identify the male sterile plants. Data for the cybrids will be compared to the values obtained for the corresponding seed-, callus-and protoplastderived plants. Simultaneously, selected plants will be grown under glass-house conditions at Nottingham and data will be collected on pollen fertility.
Using clones of the plants maintained in vitro at Nottingham, the degree of cytoplasmic diversity amongst the male sterile plants will be ascertained and compared with the conventional sources of male sterility based on the WA cytoplasm and cytoplasms produced in India. These studies will build on experience gained at Nottingham in the characterisation of the WA cytoplasm using RFLP and PCR-based assays of the mitochondrial genome. Microsatellite markers will be used to characterise the chloroplast genome. An essential part of the project is diversification of the cytoplasm used in hybrid rice. It is therefore essential that the extent of diversity within the material generated at Nottingham is determined. The subsequent stages in the achievement of DFID's development goals are summarised in Table 1 Embryogenic suspension cultures provide the most widely employed source of totipotent cells for protoplast isolation in rice (Oryza sativa L.), since mesophyllderived protoplasts of this important cereal rarely undergo sustained mitotic division leading to the production of tissues capable of plant regeneration. Cells from embryogenic suspensions provide an alternative to immature zygotic embryos for biolistic-mediated production of fertile transgenic rice plants (1) and are also amenable to transformation procedures employing agrobacteria (2) . Currently, protocols are available for regenerating fertile plants from cell suspension-derived protoplasts of the three major sub-groups of rice varieties, namely japonica (3), javanica (4) and indica (5) rices.
Previous reports have stated that genotype and explant source are important parameters in determining the success of plant regeneration from cultured tissues of rice (6) (7) (8) (9) (10) . In japonica rices, callus cultures can be produced relatively easily from almost any part of the plant, including roots, shoots, leaves, leaf-base meristems, mature and immature embryos, young inflorescences, pollen grains, ovaries, scutella and endosperm. Such tissues can be induced to regenerate plants (11) . Conversely, indica rices are more recalcitrant in culture (12) (13) . In the procedures described in this chapter, scutella from mature seeds are used as the source of callus for both indica and japonica rices.
The establishment and maintenance of embryogenic cell suspensions is generally difficult, with morphogenic competence of suspensions usually declining with successive subculture over prolonged periods (14) . However, following the development of reproducible protocols for cryopreservation of rice cell suspensions (15, 16) , it has been possible to devise strategies to overcome difficulties associated with the loss of totipotency and the requirement to re-initiate periodically new cultures capable of plant regeneration. Samples of the cell suspensions should be cryopreserved as soon as possible after initiation. The cultures should be resurrected from frozen stocks immediately there are indications of loss of embryogenic potential of the suspensions.
Frequently, it has been noted that the initiation and growth of embryogenic callus requires media containing auxin (specifically 2,4-dichlorophenoxyacetic acid 2,4-D), whereas for the development of embryos into plants, auxins should be omitted from the culture medium. The regeneration of rice plants has been found to be enhanced by media lacking auxin but supplemented with reduced concentrations of cytokinins, such as 6-benzylaminopurine (BAP) or kinetin (17, 18) .
Micropropagation provides a means of rapidly multiplying material of both cultivated and wild rices as well as genetically modified plants (e.g. transgenics, somatic hybrids and cybrids). The ability to multiply plants in vitro is especially important for wild rices (Oryza species other than O. sativa), for which only limited supplies of seed may be available. Indeed, wild rices are an important genetic resource, since they possess resistances to biotic and abiotic stresses. These Oryzae can also be used to generate alloplasmic lines for the development of novel cytoplasmic male sterility systems. 5. After 14 d, remove the coleoptiles and radicles and transfer the explants to 20 mL aliquots of LS2.5 medium in 9 cm diameter Petri dishes (9 explants/dish). Seal the dishes with Nescofilm and incubate as in 3.1.4. 6. Subculture every 14-28 d (see Note 2) by selecting the most embryogenic callus, i.e. tissue with a dry, friable appearance, and transferring 1-5 calli (each approx. 5 mm in diameter) to 20 mL volumes of LS2.5 medium in 9 cm diameter Petri dishes. Transfer to micropropagation medium as in Section 3.2.4. This tissue is embryogenic and is used for callus initiation. Excise the tissue and cut into 4 mm 2 sections; culture the latter on 20 mL aliquots of LS2.5 medium in 9 cm diameter Petri dishes (8 tissue sections/dish).
Micropropagation of Wild Rices
Initiation of Embryogenic Callus from Leaf Bases of Micropropagated Shoots
2. Seal the Petri dishes with Nescofilm and incubate in the dark at 28 ± 1°C.
3. After 28 d, inspect the dishes for callus production by the explants. Select yellow coloured, rapidly dividing calli composed of small cell clusters, excise the tissue from the parent explants and transfer the tissues to LS2.5 medium every 28 d (8 tissues/dish; see Note 3, Fig. 1A-D ).
1. Transfer individual pieces of callus, obtained either from mature seed scutella or from leaf bases as in Section 3.3.1., to 9 cm diameter Petri dishes each containing 20 mL aliquots of differentiation medium (12 calli/dish, each approx. 3 mm in diameter, Fig. 2A ). Seal the dishes with Nescofilm and incubate at 27 ± 2°C in the dark for 
Transfer plants producing tillers and roots and which show healthy, vigorous
growth to 15 cm diameter pots containing growth compost (see Section 2.4.6.). 
Initiation of Embryogenic Suspensions
Notes
1. R2 medium should be autoclaved at 116°C for 30 min, as sterilisation at 121°C for 20 min causes excessive caramelization.
2. Regular sub-culture of scutellum-derived callus will produce fast-growing, globular tissues. Fourteen d is the optimal time between transfers, but the tissues can be left for 28 d before sub-culture.
3. Transfer of leaf base-derived calli to fresh LS2.5 medium every 28 d is important, since compact embryogenic callus becomes more globular with time in culture and hence more suitable for the initiation of finely-divided cell suspensions. 8. When a cell suspension is first initiated, the initial or 'stock' suspension consists of large cell clusters. As these clusters grow, they release smaller clumps of cells into the liquid medium. For experimental use, a 'pipettable' culture is initiated from the small cell clusters. The 'stock' culture is discarded once a 'pipettable' culture has been established. 9. PCV is measured by drawing a suspension of cells into a sterile 10 mL pipette (see 
D.
Rooted shoots ready for transfer to pots (x 1.0).
